






Groundwater depletion exceeds recharge in some parts of the globe. 

(UNITED NATIONS Report: 

http://www.unesco.org/water/wwap/wwdr/wwdr2/ and 

http://pubs.usgs.gov/circ/circ1223/pdf/C1223.pdf) 

http://www.unesco.org/water/wwap/wwdr/wwdr2/
http://pubs.usgs.gov/circ/circ1223/pdf/C1223.pdf


GROUNDWATER DEPLETION HAS 

CAUSED SUBSIDENCE (USGS) 



HIGH PLAINS AQUIFER 

Groundwater table has decreased 100 feet 





National Water Footprints Around the World, 2004 

(http://www.unesco.org/water/wwap/wwdr/wwdr2/)  

http://www.unesco.org/water/wwap/wwdr/wwdr2/


(USGS) 

NOTE THE BALANCE: 

40 thousand cubic km/yr FROM THE OCEAN TO THE LAND  

BALANCED WITH 

40 thousand cubic km/yr OF SURFACE FLOW  

FROM THE LAND TO THE OCEAN 



Meteorological drought –  low precipitation  

 

Socioeconomic drought –  inadequate resource 

     management 



STREAMS and GROUNDWATER are 

INTER-RELATED and INSEPARABLE 

GROUNDWATER replenishes stream water during times of low water. 



STREAMFLOW   HAS   INCREASED 

Due to OVER-DEVELOPMENT 



PRECIPITATION is GREATEST on the MOUNTAINS 



WARM, MOIST AIR RISES, 

THEN COOLS OVER THE MOUNTAINS, 

CONDENSING TO PROVIDE PRECIPITATION 



Mountain FORESTS 

INTERCEPT RAINFALL 

 

 

 

 

Allowing Rainfall to  

GENTLY REACH THE GROUND 

 

 

 

Thus Allowing 

LESS SURFACE RUNOFF 

and 

GREATER GROUNDWATER 

RECHARGE 



MOUNTAIN RIDGE HEADWATER AREAS 

ARE UNIQUE 

 

 

MOUNTAIN RIDGE DEFORESTATION: 
 

 

1) INCREASES LIGHT  

AND WATER TEMPERATURES 

 

 

2) DESTROYS HEADWATER AREAS 

 

 

3) INCREASES SURFACE RUNOFF 

 

 

4) INCREASES EROSION AND 

SEDIMENTATION DOWNSTREAM  



MOUNTAINTOP REMOVAL 

DESTROYS FORESTED RIDGES 



Typical Transmission Line Deforestation  

and Excavation 



Mountaineer Wind Facility, Tucker County, 

West Virginia 



AES Laurel Mountain Wind Project 

 (Randolph & Barbour Co., WV): 388 acres 

AES New Creek Wind Project 

 (Grant Co., WV):   295 acres 

Pinnacle Wind Project 

 (Mineral Co., WV):   102 acres 

Mountaineer Wind Project 

 (Tucker Co., WV):   200 acres 

 

TOTAL ACRES (just 4 projects):  985 acres 
 
 



Marcellus Shale Gas Extraction  

Uses more than 1 million gallons of water per well 



Pipelines 





WATERSHED DELINEATION, by WV Conservation Agency 

http://www.wvca.us/envirothon/a5.html  

http://www.wvca.us/envirothon/a5.html
http://www.wvca.us/envirothon/a5.html




“Q” is Discharge 

“C” is Runoff Coefficient (e.g. from tables in WVDOH Manual) 

“i” is Rainfall Intensity (from NOAA charts) 

“A” is Drainage Area (from GIS or Terrain Navigator) 

RATIONAL METHOD: 
Oldest and most widely used method of calculating 

peak runoff rates for urban and rural watersheds 

that are less than 200 acres 



C=0.60 

C=0.35 

CLAY &  

LOAM 

WOODS 

Runoff coefficient values represent an empirical, 

dimensionless ratio between rainfall and runoff. 



“i” is the rainfall intensity for a duration equal to the time of 

concentration for a selected return period, inches per hour (in/hr) 

 

The time of concentration (Tc) is the time required for water to flow 

from the hydraulically most remote point of the drainage area to 

the point of interest. With the Rational Method, the duration of a 

rainfall event is set equal to the time of concentration and it is 

used to estimate the average rainfall intensity (i) from the 

intensity-duration-frequency curves (IDF) for a selected return 

period. 













Total Area =   154 acres  

Undisturbed Area =  112 acres with C=0.35 

Disturbed Area =    42 acres with C=0.6  

Q = CiA = 0.35 x 4.6 x 154 = 247.94 cfs 

Weighted C = [(139x0.35)+(15x1.0)]/154 = 0.413 

Q = CiA = 0.413 x 4.6 x 154 = 292.56cfs  

Weighted C = [(112x0.35)+(42x0.60)]/154 = 0.418 

Q = CiA = 0.418 x 4.6 x 154 = 296.11cfs 



No protection of stream in headwaters of the 

Potomac River.  Truck tire tracks are evident. 



Plant  

riparian 

buffers 



PROTECT OUR FORESTED 

MOUNTAIN RIDGES 


